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ABSTRACT 

The landing  p o i n t  d e s i g n a t o r  (LPD) r edes igna t ion  
delta-V requ i r ed  t o  land  the  LM i n  a c i rcu lar  t a r g e t  a r e a  
wi th  a g iven  p r o b a b i l i t y  of success  can be reduced s i g n i f i -  
c a n t l y  i f  r i g h t  and/or uprange r edes igna t ion  c a p a b i l i t y  i s  
inc luded  along wi th  t h e  g e n e r a l l y  accepted l e f t  and downrange 
c a p a b i l i t y .  Fo r  t h e  case  of a 99% p r o b a b i l i t y  of landing  i n  
a c i rc le  of r ad ius  3000 f t .  g iven  a l a  automatic  landing error 
circle of r a d i u s  2500 f t . ,  a r edes igna t ion  delta-V budget of 
250 f p s  i s  r equ i r ed  i f  only l e f t  and downrange r edes igna t ions  
a r e  pe rmi t t ed ,  b u t  only 135 f p s  i s  r equ i r ed  i f  r i g h t  and up- 
range c a p a b i l i t y  i s  included.  I n  a d d i t i o n ,  t h e  nav iga t ion  
accuracy is  shown t o  be a major f a c t o r  i n  de te rmining  t h e  
r e d e s i g n a t i o n  delta-V requirement.  A decrease  i n  landing 
s i t e  u n c e r t a i n t y  from u = 2500 f t .  t o  u = 1 6 4 0  f t .  decreases  
t h e  r equ i r ed  delta-V budget from 135 f p s  t o  0 f p s  i n  t h e  
case mentioned above. 

Uprange and r i g h t  r edes igna t ion  c a p a b i l i t y  us ing  
t h e  LPD i s  r e s t r i c t e d  by s t r u c t u r a l  viewing l i m i t a t i o n s  
through t h e  LM window. However, a t  an a l t i t u d e  of 5000 f t . ,  
i t  i s  p o s s i b l e  t o  r edes igna te  up t o  about 4000  f t .  uprange 
and l o o  t o  t h e  r i g h t  of t h e  o r i g i n a l l y  desiqnafer7 I x d i n g  s i t e  
wi thou t  v i o l a t i n g  t h e  l and j  "7 s i t e  v i s i b i l i t y  c o n s t a i n t .  For 
t h e  case ir. W F i i c i ?  uprange or r i g h t  c a p a b i l i t y  i s  inc luded ,  
t h e  a r e a  from which t h e  t a r g e t  i s  a c c e s s i b l e  through redes ig-  
n a t i o n  becomes more r e c t a n g u l a r  i n  shape. Thus, i n  o rde r  t o  
maximize t h e  p r o b a b i l i t y  of making a s u c c e s s f u l  r edes igna t ion  
t o  t h e  t a r g e t ,  t he  i n i t i a l  a i m  p o i n t  should be loca ted  n e a r  
t h e  c e n t e r  of t h i s  r edes igna t ion  c a p a b i l i t y  f o o t p r i n t .  
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MEMORANDUM FOR FILE 

INTRODUCTION 

The p r o b a b i l i t y  of landing  t h e  luna r  module (LM) 
i n  a c i r c u l a r  t a r g e t  a r e a  using t h e  landing p o i n t  d e s i g n a t o r  
(LPD) i s  d i r e c t l y  dependent upon t h e  landing a r e a  a c c e s s i b l e  
through r edes igna t ion .  I n  s e v e r a l  previous s t u d i e s  it has 
been assumed t h a t ,  due t o  landing s i t e  v i s i b i l i t y  requirements  , 
r edes igna t ions  only t o  t h e  l e f t  o r  downrange of t h e  des igna ted  
landing  s i t e  should be made and t h a t  r edes igna t ion  c a p a b i l i t y  
i n  t h e s e  d i r ec t io r i s  is l izLit& G i i l y  by ;:IC ~ ~ d e s l y 1 1 a i i u 1 1  
del ta-V budget and t h e  a l t i t u d e  a t  which t h e  r edes igna t ion  
i s  made. Subsequent d a t a  on t h e  behavior  of t h e  LM whi le  
making a r e d e s i g n a t i o n  using t h e  LPD show these c o n s t r a i n t s  
t o  be  somewhat more l i m i t i n g  than i s  necessary.  The assumption 
of a s e t  of more r e a l i s t i c  c o n s t r a i n t s  a f f e c t s  t h e  proper  
p o s i t i o n i n g  of t h e  i n i t i a l  aim p o i n t  and t h e  p r o b a b i l i t y  of 
landing  i n  a g iven  t a r g e t  a rea .  The p r o b a b i l i t i e s  c a l c u l a t e d  
under t h e s e  new sets of c o n s t r a i n t s  w e r e  used i n  t h e  prepara-  
t i o n  of a Bellcomm p r e s e n t a t i o n  on s i te-dependent  LM payload 
c , ~ + ; - ~ + ~ ~  -.c m a c n  -_ n-L-I---- n l n r n  
-Y  c l A * r . u b L L )  U L -  L . I Y L  " A I  W L  L U U C L  u , L J U J  

ASSUMPTIONS 

I t  i s  assumed t h a t :  

(1) Redesignation c a p a b i l i t y  i n  d i s t a n c e  i s  based 
on t h e  Apollo 1 2  IN descen t  t r a j e c t o r y  and i s  
given i n  F igures  l a  and b.  (Data from Ref- 
e rence  1.) 

( 2 )  The t r a j e c t o r y  below hi -ga te  i s  nominal. 
Deviat ions of t h e  des igna ted  landing p o i n t  
from t h e  i n i t i a l  aim p o i n t  are due t o  guidance 
and naviga t ion  e r r o r s  p r i o r  t o  h i -ga t e .  

RATIONALE FOR NEW CONSTRAINTS 

The view o u t  of the  LM l e f t -hand  window i s  depic ted  
i n  F igure  2 .  The LM P r i m a r y  Guidance, Navigat ion,  and Cont ro l  
System (PGNCS) au tomat ica l ly  main ta ins  t h e  LM a t t i t u d e  so t h a t  
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t h e  c u r r e n t  l and ing  s i t e  i s  a l i g n e d  wi th  t h e  v e r t i c a l  scale 
on the window. The downrange p o s i t i o n  of t h e  c u r r e n t  s i t e  
i s  d e s i g n a t e d  by t h e  window e l e v a t i o n  ang le  which i s  d i sp layed  
on the LM onboard computer Display and Keyboard ( D S K Y ) .  

I t  i s  c l e a r  t h a t  a large p o r t i o n  of t h e  l u n a r  s u r -  
f ace  t o  t h e  r i g h t  of t h e  des igna ted  s i t e  i s  n o t  v i s i b l e  due 
t o  s t r u c t u r a l  viewing l i m i t a t i o n s .  However, t h e  s u r f a c e  i s  
V i s i b l e  up t o  a maximum of from 2 O  t o  11’ t o  t h e  r i g h t  of t h e  
des igna ted  s i t e  when viewed from t h e  r e f e r e n c e  eye p o s i t i o n .  
A p l o t  of t h e  e l e v a t i o n  angle  of t h e  landing  s i t e  on t h e  LPD 
s c a l e  as a f u n c t i o n  of a l t i t u d e ,  p re sen ted  i n  Figure 3 ,  shows 
t h a t ,  d u r i n g  t h e  p o r t i o n  of t h e  v i s i b i l i t y  phase between 
5000 f t .  and 1000  f t .  a l t i t u d e  when r edes igna t ions  would 
normally b e  made, t h e  e l e v a t i o n  angle  i s  between 40’ and 46’. 
During t h i s  p e r i o d  t h e  a r e a  about  7’ d i r e c t l y  t o  t h e  r i g h t  of 
t h e  des igna ted  s i t e  i s  v i s i b l e .  The commander can i n c r e a s e  
t h e  a r e a  v i s i b l e  t o  t h e  r i g h t  by moving h i s  eye p o s i t i o n  
c l o s e r  t o  t h e  window and t o  t h e  l e f t .  For t h i s  a n a l y s i s ,  a 
l i m i t  of loo of  v i s i b i l i t y  t o  t h e  r i g h t  w a s  chosen. The 
window edge w a s  assumed t o  be v e r t i c a l  t o  s i m p l i f y  t h e  calcu-  
l a t i o n s .  A t  an a l t i t u d e  of 5000 f t . ,  t h e  d i s t a n c e  v i s i b l e  
t o  the  r i g h t  of t h e  des igna ted  s i t e  i s  about  3000 f t .  S ince  
t h e  c ross range  r edes igna t ion  c a p a b i l i t y  f o r  60  f p s  redesigna-  
t i o n  delta-V budget i s  only about 4 4 0 0  f t .  a t  t h i s  a l t i t u d e ,  
an inc reased  r edes igna t ion  c a p a b i l i t y  of 3000 f t .  t o  t h e  r i g h t  
i s  very s i g n i f i c a n t .  

Redesignat ions s h o r t  of t h e  des igna ted  s i t e  a c t u a l l y  
reduce t h e  delta-V requi red .  The l u n a r  s u r f a c e  uprange of t h e  
des igna ted  s i t e  i s  v i s i b l e  t o  some degree d u r i n s  a1zxsi;  a l l  of 
t h e  v i s i b i l i t y  phase; however, upran9.e r edes igna t ion  c a p a b i l i t y  
i s  l i m i t e d  by a loss  of v i s i b i l i t y  due t o  t h e  f a c t  t h a t  t h e  LM 
p i t c h e s  up dur ing  a s h o r t  r edes igna t ion  and t h e  d e s i r e d  landing  
s i te  may d i sappea r  below t h e  bottom of t h e  window. Curren t  
estimates i n d i c a t e  t h a t  r edes igna t ions  up t o  about  4000  f t .  
uprange can be made a t  an a l t i t u d e  of 5000 f t .  wi thout  loss 
of landing  s i te  v i s i b i l i t y .  

Crossrange r edes igna t ions  cause t h e  LM t o  i n c r e a s e  
i t s  r o l l  angle .  Under c e r t a i n  c i rcumstances,  a r o l l  angle  
larger than about 30° could cause landing  r a d a r  e r r o r s  a s  w e l l  
a s  c r e w  discomfort .  N o  hard d a t a  are a v a i l a b l e  on p r e c i s e l y  
what t h e  r o l l  angle  l i m i t a t i o n  should be; a 30’ r o l l  angle  
i s  g e n e r a l l y  taken t o  be a p r a c t i c a l  l i m i t  and t h i s  w a s  chosen 
as t h e  l i m i t i n g  f a c t o r  f o r  LPD c ross range  r edes igna t ions  t o  
t h e  l e f t .  

The LPD r edes igna t ion  c a p a b i l i t y  f o o t p r i n t  a t  5000 f t .  
a l t i t u d e  assuming t h e s e  new c o n s t r a i n t s  i s  shown i n  Figure 4 
f o r  va r ious  r edes igna t ion  delta-V budgets.  
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RESULTING OPTIMUM AIMPOINTS AND PROBABILITIES 

The optimum i n i t i a l  a i m  p o i n t  and t h e  p r o b a b i l i t y  
of landing  i n  t h e  t a r g e t  a r ea  us ing  t h e  LPD w e r e  c a l c u l a t e d  
f o r  several c i r c u l a r  LM landing e r r o r  e l l i p s e s  and t a r g e t  area 
r a d i i  us ing  the  procedure of Reference 2 .  These c a l c u l a t i o n s  
w e r e  done f o r  t h e  cases  o f :  (1) l e f t  and downrange redesigna-  
t i o n  c a p a b i l i t y  on ly ,  ( 2 )  l e f t ,  downrange, and uprange capa- 
b i l i t y ,  and (3 )  l e f t ,  downrange, uprange, and r i g h t  c a p a b i l i t y .  
A s i n g l e  r edes igna t ion  made a t  5000 f t .  a l t i t u d e  wi thout  LPD 
error  w a s  assumed. F igu res  5a and b show t h e  r edes igna t ion  
delta-V budget r equ i r ed  t o  land i n  a c i rc le  of r a d i u s  A w i t h  
95% and 9 9 %  p r o b a b i l i t y  of success f o r  l a  automatic  landing  
e r r o r  c i rc les  of r a d i u s  1640 f t .  and 2500 f t .  I t  can be seen  
t h a t  t h e  a d d i t i o n  of uprange and r i g h t  r edes igna t ion  c a p a b i l i t y  
g r e a t l y  reduces t h e  r edes igna t ion  delta-V requ i r ed  t o  land  i n  
a g iven  t a r g e t  a r ea .  Allowing r edes igna t ion  t o  t h e  r i g h t  i s  
an e s p e c i a l l y  e f f e c t i v e  means of  reducing t h e  delta-V requ i r e -  
ment i n  those  cases where t h i s  requirement  i s  r e l a t i v e l y  h igh  
because,  as shown i n  F igure  4, a g iven  i n c r e a s e  i n  t h e  delta-V 
budget  becomes a much more e f f e c t i v e  means of i n c r e a s i n g  t h e  
a c c e s s i b l e  landing area i f  r i g h t  c a p a b i l i t y  i s  inc luded  than  
i f  on ly  l e f t  c a p a b i l i t y  is a v a i l a b l e .  

F igures  5a and b a l s o  show t h a t  a major f a c t o r  i n  
determining t h e  r edes igna t ion  delta-V requirement  i s  t h e  navi- 
g a t i o n  accuracy. For t h e  case of a 99% p r o b a b i l i t y  of landing  
i n  a c i rc le  of r a d i u s  3000 f t . ,  an increase i n  landing s i t e  
u n c e r t a i n t y  from t h e  case of u = 1640 f t .  t o  u = 2500 f t .  
i n c r e a s e s  t h e  r equ i r ed  delta-V budget from 0 f p s  t o  135 f p s  
when both r i g h t  and uprange c a p a b i l i t y  a r e  included.  

The optimum i n i t i a l  a i m  p o i n t  l o c a t i o n s  are shown 
i n  F igures  6a ,  b and c f o r  each of t h r e e  r edes igna t ion  capa- 
b i l i t y  assumptions. 
i nc luded ,  t h e  r edes igna t ion  c a p a b i l i t y  f o o t p r i n t  shown i n  
F igu re  4 becomes more r ec t angu la r  i n  shape. The i n i t i a l  a i m  
p o i n t ,  wi th  coord ina tes  (pX, 

t h e  c e n t e r  of t h i s  area, t h a t  i s ,  

When uprange o r  r i g h t  c a p a b i l i t y  i s  

, should then  be loca ted  near  
IJY) 

u, 2 1 / 2  [ ( l e f t  c a p a b i l i t y )  - ( r i g h t  c a p a b i l i t y )  3 

and 

IJ % % 1 / 2  [ (downrange c a p a b i l i t y )  - (uprange c a p a b i l i t y )  I 
Y 

where r edes igna t ion  c a p a b i l i t y  r e f e r s  t o  those  d i r e c t i o n s  
d i r e c t l y  downrange or  crossrange of t h e  des igna ted  s i te .  
P o s i t i v e  p X  i n d i c a t e s  t o  the r i g h t  and p o s i t i v e  IJ 

uprange of t h e  center of t h e  t a r g e t  a r ea .  

i n d i c a t e s  
Y 
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CONCLUSIONS 

Right  and uprange r edes igna t ions  can be made t o  a 
s i g n i f i c a n t  degree wi thout  v i o l a t i n g  t h e  landing  s i t e  v i s i b i l i t y  
c o n s t r a i n t .  Crossrange r edes igna t ions  a r e  l i m i t e d  by a maxi- 
mum r o l l  angle  beyond which landing r a d a r  errors and/or c r e w  
d iscomfor t  r e s u l t .  Assuming a r edes igna t ion  c a p a b i l i t y  of 10 '  
t o  t h e  r i g h t  and 4000  f t .  uprange a t  an a l t i t u d e  of 5000 f t .  
and a maximum roll angle  of  30°, t h e  r edes igna t ion  delta-V 
r e q u i r e d  t o  land i n  a c i r c u l a r  t a r g e t  a r ea  wi th  a given proba- 
b i l i t y  of success  i s  s i g n i f i c a n t l y  less than i f  only l e f t  and 
downrange r edes igna t ions  are permi t ted .  For example, a 99% 
p r s b a b i l i t y  of landing i n  a c i r c l e  of r a d i u s  3000 f t .  g iven  
an automatic  landing  e r r o r  c i rc le  of r a d i u s  2500  f t .  r e q u i r e s  
about  250  f p s  of redes igna t ion  del ta-V i f  only l e f t  and down- 
range r edes igna t ions  a r e  permi t ted  b u t  only r e q u i r e s  135  f p s  
i f  r i g h t  and uprange c a p a b i l i t y  i s  a l s o  included.  With  t h e  
a d d i t i o n  of uprange and r i g h t  r edes igna t ion  c a p a b i l i t y ,  t h e  
i n i t i a l  a i m  p o i n t  should be b iased  approximately a d i s t a n c e  of 

1/2 [ ( l e f t  c a p a b i l i t y )  - ( r i g h t  c a p a b i l i t y )  ] 

t o  t h e  r i g h t  and 

1 / 2  [downrange c a p a b i l i t y )  - (uprange c a p a b i l i t y )  ] 

uprange of t h e  c e n t e r  of the  d e s i r e d  t a r g e t  area i n  o r d e r  t o  
maximize t h e  p r o b a b i l i t y  of landing  i n  t h a t  a r e a  us ing  t h e  LPD. 

2 0 13-KPK-s r b  K .  P .  Klaasen 

A t t a c h m e n t s :  
References 
F igures  
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FIGURE 2 - COMMANDER'S VIEWING RESTRICTIONS OUT OF LM WINDOW 
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FIGURE 6A - OPTIMUM INITIAL AIM POINT LOCATION FOR LEFT 
AND DOWNRANGE REDESIGNATION CAPABILITY 
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FIGURE 6B - OPTIMUM INITIAL AIM POINT LOCATION FOR LEFT, DOWNRANGE, 
AND 4000 FT UPRANGE CAPABILITY 
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FIGURE 6C - OPTIMUM INITIAL AIM POINT LOCATION FOR LEFT, DOWNRANGE, 4000 FT 
UPRANGE, AND 10" RIGHT REDESIGNATION CAPABILITY. 


